Adequate cardiac output is essential to maintain oxygen and nutrient delivery to the tissues, but the optimal level of cardiac output around the time of major surgery or critical illness remains undefined. Many core interventions delivered in the peri-operative period, for example, fluids and vasoactive drugs, are given with the aim of increasing cardiac output, whether or not clinicians measure it directly or use it as a therapeutic end-point. Inadequate cardiac output (CO) and oxygen delivery may be encountered in high-risk patients undergoing major surgery or in critical illness, and have been associated with a higher incidence of complications, organ failure or death [1] .
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Despite this, the utility of CO monitoring in the setting of surgery or critical care remains the subject of ongoing, and sometimes intense, debate. For many years, cardiac output estimation using bolus thermodilution via pulmonary artery catheter (PAC) has been considered the standard for accuracy. However, PAC insertion and management is invasive, time consuming, requires a high level of expertise and is associated with risk of complications. Thus, over the last three decades, minimally or non-invasive techniques of continuous CO estimation have become popular alternatives.
In this edition of Anaesthesia, Truijen and colleagues report a study examining variability between CO measurements derived using thermodilution with a PAC, pulse contour analysis and non-invasive finger arterial pressure-derived continuous CO measurements in 27 patients undergoing cardiac surgery [2] . The aims of this study were to assess the effect of haemodynamic variability on the concordance of CO measurements using three commonly used monitoring devices: single measurement bolus thermodilution using PAC; and continuous pulse contour analysis with invasive and non-invasive arterial pressure monitoring. The authors examined haemodynamic variability under different physiologic conditions ranging from relatively stable conditions with minimal variation in heart rate and blood pressure, to conditions which included much more variable blood pressure, heart rate and the presence of arrhythmia. Measurements were repeated before and after extracorporeal circulation, when changes in peripheral vascular physiology might be more marked. The authors classified variability into four grades: minimal haemodynamic variability, that is, heart rate and arterial pressure variation of less than 5% with no arrhythmias; then all grades of haemody- 
Comparing measurements
The accuracy of newer, minimally invasive techniques of cardiac output measurement has been studied over many years, usually as each new device or technique emerges. In this case, absolute accuracy may be of less importance than precision and response time.
Effect on outcomes
There 
